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White Paper: dσ/dQ2

Pre Release Version of Sartre 
Run at 20x100 GeV, 10 nb-1
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Figure 3.19: Ratios of the cross-sections for exclusive J/ψ (left panel) and φ (right panel) meson
production in coherent diffractive e+A and e+p collisions as a function of Q2. Prediction for
saturation and non-saturation models are presented. The ratios are scaled by 1/A4/3.

and φ (right panel) production in coherent
diffractive events for e+Au and e+p col-
lisions respectively. The ratios are plot-
ted as functions of Q2 for saturation and
non-saturation models. The parameters of
both models were tuned to describe the e+p
HERA data [151, 182]. Beam energies cor-
respond to stage-II of an EIC. All curves
were generated with the Sartre event genera-
tor [183], an e+A event generator specialized
for diffractive exclusive vector meson produc-
tion based on the bSat [182] dipole model.
We limit the calculation to 1 < Q2 < 10
GeV2 and x < 0.01 to stay within the va-
lidity range of saturation and non-saturation
models. The produced events were passed
through an experimental filter and scaled to
reflect an integrated luminosity of 10 fb−1/A.
The basic experimental cuts are listed in the
legends of the panels in Fig. 3.19. As ex-
pected, the difference between the satura-
tion and non-saturation curves is small for
the smaller-sized J/ψ (< 20%), which is less
sensitive to saturation effects, but is substan-
tial for the larger φ, which is more sensitive
to the saturation region. In both cases, the
difference is larger than the statistical errors.
In fact, the small errors for diffractive φ pro-

duction indicate that this measurement can
already provide substantial insight into the
saturation mechanism after a few weeks of
EIC running. (This measurement could al-
ready be feasible at a stage-I EIC: however,
since in stage-I the typical values of x would
be larger, the saturation effects would be less
pronounced.) For large Q2, the two ratios
asymptotically approach unity.

As explained earlier in Sec. 3.2.1, coher-
ent diffractive events allow one to learn about
the shape and the degree of “blackness” of
the black disk: this enables one to study the
spatial distribution of gluons in the nucleus.
Exclusive vector meson production in diffrac-
tive e+A collisions is the cleanest such pro-
cess, due to the low number of particles in the
final state. This would not only provide us
with further insight into saturation physics
but also constitute a highly important con-
tribution to heavy-ion physics by providing a
quantitative understanding of the initial con-
ditions of a heavy ion collision as described
in Sec. 3.4.2. It might even shed some light
on the role of glue and thus QCD in the nu-
clear structure of light nuclei (see Sec. 3.3).
As described above, in diffractive DIS, the
virtual photon interacts with the nucleus via
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New: J/ψ dσ/dQ2

Sartre 1.2, improved tables & correction handling 
Run at 15x100 GeV
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New: ϕ  dσ/dQ2
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White Paper: dσ/dt
Pre Release Version of Sartre 
Run at 20x100 GeV, 10 nb-1
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Figure 3.20: dσ/dt distributions for exclusive J/ψ (left) and φ (right) production in coherent and
incoherent events in diffractive e+Au collisions. Predictions from saturation and non-saturation
models are shown.

a color-neutral exchange, which is dominated
by two gluons at the lowest order. It is pre-
cisely this two gluon exchange which yields a
diffractive measurement of the gluon density
in a nucleus.

Experimentally the key to the spatial
gluon distribution is the measurement of the
dσ/dt distribution. As follows from the op-
tical analogy presented in Sec. 3.2.1, the
Fourier-transform of (the square root of) this
distribution is the source distribution of the
object probed, i.e., the dipole scattering am-
plitude N(x, rT , bT ) on the nucleus with r2

T ∼
1/(Q2 + M2

V ), where MV is the mass of the
vector meson [165] (see also the Sidebar on
page 43).

Figure 3.20 shows the dσ/dt distribution
for J/ψ on the left and φ mesons on the
right. The coherent distribution depends on
the shape of the source while the incoher-
ent distribution provides valuable informa-
tion on the fluctuations or “lumpiness” of
the source [176]. As discussed above, we
are able to distinguish both by detecting the

neutrons emitted by the nuclear breakup in
the incoherent case. Again, we compare to
predictions of saturation and non-saturation
models. Just as for the previous figures, the
curves were generated with the Sartre event
generator and had to pass through an ex-
perimental filter. The experimental cuts are
listed in the figures.

As the J/ψ is smaller than the φ, one
sees little difference between the saturation
and no-saturation scenarios for exclusive J/ψ
production but a pronounced effect for the
φ, as expected. For the former, the statisti-
cal errors after the 3rd minimum become ex-
cessively large requiring substantially more
than the simulated integrated luminosity of
10 fb−1/A. The situation is more favorable
for the φ, where enough statistics up to the
4th minimum are available. The ρ meson has
even higher rates and is also quite sensitive
to saturation effects. However, it suffers cur-
rently from large theoretical uncertainties in
the knowledge of its wave-function, making
calculations less reliable.
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New: J/ψ dσ/dt
Sartre 1.2, improved tables & correction handling 
Run at 15x100 GeV
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New: ϕ dσ/dt
Sartre 1.2, improved tables & correction handling 
Run at 15x100 GeV
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White Paper: Source distribution F(bT)
Almost negligible difference in dσ/dt for 20x100 and 15x100. 
Not worth the effort. Keep WP version but improve appearance
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Document Updates
For WP 
• Only add source distributions. Do not change distributions. 

Difference too small. 
For DD 
• Use 15x100 (except source distribution) 
Suggestions by EIC -Advisory: 
-­‐	
  the	
  ratio	
  sigma_diff/sigma_tot	
  plot	
  versus	
  W^2.	
  At	
  HERA	
  the	
    
observed	
  approximate	
  constant	
  behavior	
  was	
  striking	
  feature;	
  saturation 
provided	
  a	
  simple	
  explanation.	
  Can	
  one	
  study	
  this	
  as	
  a	
  function	
  of	
  A?	
  
see Tobias’ talk  
-­‐	
  vector	
  production:	
  at	
  HERA	
  both	
  the	
  b-­‐slope	
  (transverse	
  radius)	
  and	
   
t-­‐slope	
  (Pomeron	
  slope)	
  as	
  function	
  of	
  Q^2	
  have	
  provided	
  important  
information	
  on	
  the	
  transverse	
  shape.	
  Can	
  this	
  be	
  measured,	
  how	
  does	
  this	
  
vary	
  with	
  A?	
  
Coherent is not simple slope! Could use <r> from source 
distribution, not sure about variation in Q2. A varies according to 
input Glauber values - nothing magical in model. 
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